Introduction Few studies have analyzed the cohort effects of lifecourse socioeconomic position (SEP) on racial disparities in body mass index (BMI) trajectories. We assessed the contribution of lifecourse SEP on racial differences in BMI trajectories among two different age cohorts of women. Methods Four waves of the Americans' Changing Lives study (1986)(1987)(1988)(1989)(1990)(1991)(1992)(1993)(1994)(1995)(1996)(1997)(1998)(1999)(2000)(2001)(2002) were used to compute BMI trajectories for 2,194 Black and White women. Multivariable associations of lifecourse SEP variables (father's education, perceived childhood family status, education, income, wealth, and financial security) with wave 1 (W1) BMI and BMI change were assessed using mixed models. . However, racial disparities persist even after controlling for current SEP [3] [4] [5] . The cumulative inequality (CI) theory combines the cumulative disadvantage and pathway models of lifecourse SEP theory [6] and posits that early exposures to adverse circumstances predict adulthood disadvantage and amplify differences as people age [7] . However, these disadvantages can be modified by available resources, perceived trajectories, and changes in behavior. Differences in childhood SEP and the resulting lifecourse socioeconomic disadvantage may explain some of the persistent racial disparities in BMI [8, 9] . Childhood SEP has been found to be an independent predictor of BMI among women [11, 12] but not in men [12, 13] . Few recent studies have explored whether childhood SEP contributes to racial disparities in BMI trajectories among women [10] [11] [12] [13] [14] . For example, in the Alameda County study, Black women were heavier at baseline and had steeper BMI trajectories over time than White women. The racial difference in baseline weight among women was reduced only slightly after adjustment of lifecourse SEP variables. In contrast, racial differences in BMI among men were lower than those for Electronic supplementary material The online version of this article
Abstract
Introduction Few studies have analyzed the cohort effects of lifecourse socioeconomic position (SEP) on racial disparities in body mass index (BMI) trajectories. We assessed the contribution of lifecourse SEP on racial differences in BMI trajectories among two different age cohorts of women. Methods Four waves of the Americans' Changing Lives study (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) were used to compute BMI trajectories for 2, 194 Black and White women. Multivariable associations of lifecourse SEP variables (father's education, perceived childhood family status, education, income, wealth, and financial security) with wave 1 (W1) BMI and BMI change were assessed using mixed models. Results Black women had higher W1 BMI than White women (approximately) in both cohorts (women <40 years in 1986 (+2.6 kg/m 2 (95 %CI +1.71, +3.53)) and women ≥40 in 1986 (+2.68 kg/m 2 (95 %CI +2.12, 3.24))); Black women in the younger cohort had a higher change in BMI (+0. Keywords Socioeconomic . Racial disparities . BMI . Multi-level models . Trajectories . Lifecourse effects . Women's health Race and socioeconomic position (SEP) are important correlates of body mass index (BMI), especially among women [1, 2] . However, racial disparities persist even after controlling for current SEP [3] [4] [5] . The cumulative inequality (CI) theory combines the cumulative disadvantage and pathway models of lifecourse SEP theory [6] and posits that early exposures to adverse circumstances predict adulthood disadvantage and amplify differences as people age [7] . However, these disadvantages can be modified by available resources, perceived trajectories, and changes in behavior. Differences in childhood SEP and the resulting lifecourse socioeconomic disadvantage may explain some of the persistent racial disparities in BMI [8, 9] . Childhood SEP has been found to be an independent predictor of BMI among women [11, 12] but not in men [12, 13] . Few recent studies have explored whether childhood SEP contributes to racial disparities in BMI trajectories among women [10] [11] [12] [13] [14] . For example, in the Alameda County study, Black women were heavier at baseline and had steeper BMI trajectories over time than White women. The racial difference in baseline weight among women was reduced only slightly after adjustment of lifecourse SEP variables. In contrast, racial differences in BMI among men were lower than those for women and completely accounted for after adjustment of lifecourse SEP [8] . Results from Monitoring the Future study also suggest that racial differences in BMI are more pronounced and are explained by SEP differences to a lesser degree among women for all age cohorts [10] . However, the pathways through which multiple dimensions of lifecourse SEP may contribute to racial disparities in BMI trajectories among women have not been extensively explored.
The objectives of this study were to (1) assess the relationship between lifecourse SEP and trajectories of BMI among women by age cohorts; (2) assess the evidence for the pathway model for the influence of childhood SEP on BMI trajectories; and (3) explore whether lifecourse socioeconomic disadvantage contributes to racial differences in adult BMI.
Materials and Methods

Study Population
The study utilizes updated data (made available in 2011) from four waves of the Americans' Changing Lives (ACL) study, conducted initially in 1986 (wave 1 (W1)), with follow-up interviews in 1989, 1994, and 2002 [15] (Fig. 1) . The sampling design used in ACL was a multistage, stratified area probability sampling of noninstitutionalized adults aged 25 and older. The sample for these analyses was restricted to women who reported their race as either Black or White (n=2,194). Post-stratification weights were used to adjust for differential probabilities of selection by age and race so that the results are representative of the US population in 1986 [15] .
Measures BMI Body mass index was calculated by dividing selfreported weight in kilograms by self-reported height in meters squared. BMI is a time-dependent continuous variable and data were utilized from all four waves.
Lifecourse SEP variables Information on childhood SEP was collected in wave 2 and included father's education and perceived childhood family status (PCFS). Information on adult SEP included completed education at W1, family income (continuous, time varying), wealth (continuous, time varying), and an index of financial security (continuous, time varying) (Appendix A Time invariant variables were centered at their mean and time varying predictors at their value during the year of first wave of data collection to facilitate interpretation [16] . For time varying covariates such as income, wealth, and financial security, both the W1 value and the centered variables were entered in the models to assess the effect of W1 value as well as change in these variables over time. Age was centered at 25 years which was the minimum age at W1. Inference by multiple imputation [17] was utilized to address uncertainty due to missing values caused by attrition as well as arbitrary item nonresponse. As the missingness mechanism underlying item nonresponse and attrition was deemed to be missing at random [17] , inference by MI was chosen as it has been repeatedly shown to lead to valid and optimal inferential quality. The underlying imputation model was a multivariate normal model with unstructured covariance matrix to preserve the longitudinal aspect of the study. As Blacks had higher rates of missingness for some SEP variables such as father's education (26 % as compared to 12 % for White women), we included race as well as other possible predictors of missingness along with all the covariates for the multivariate model into our imputation model. All models had relative efficiencies greater than 0.90, which suggests that the number of imputations was sufficient to achieve estimates with standard errors that captured most of the variation in the underlying sampling distribution. Mixed-effects models were used to estimate the average time-related BMI trajectories [18] . The basic model can be represented as
where BMI ij is BMI for individual i at time j; β 00 is the average BMI at time 0 (intercept/W1); and β 10 is the average annual rate of change of BMI (slope). All models allowed both the intercept and time effect to vary randomly across persons because it significantly improved the model fit. The errors u capture random variance in the intercept and slope values across persons, and ε ij represents random error for individual i at time j. Using this framework, the associations between lifecourse SEP, W1 BMI, and BMI change may be assessed together. The effect of each individual SEP variable on BMI at W1 was assessed initially. To assess the effects of SEP on the BMI change, interaction terms with time were added for each variable.
BMI trajectories for Blacks and Whites by W1 age groups were plotted using a simple mixed-effects model with these demographic variables as predictors of BMI at W1 and BMI slope. Based on the difference in pattern of BMI trajectories, we stratified the multivariate analyses by baseline age cohorts into younger women (age <40) and older women (aged 40 and older in 1986). For each cohort, the effect of each individual SEP variable was assessed on BMI at W1 and BMI slope. For multivariable analyses, those SEP variables and covariates that were significant at alpha=0.20 level in the individual SEP analyses were included in the preliminary full model. Purposeful selection procedures using backward elimination were then used to retain those variables that were independently associated with BMI at W1 and BMI slope at alpha= 0.05 level [19] . A variable was retained in the model as a confounder if the partial regression coefficient of the other predictors varied by more than 10 % when the variable was deleted from the model [20] . The final multivariate model was the most parsimonious model containing all significant predictors and confounders using this approach. All statistical tests were two sided. All statistical analysis was conducted in SAS 9.2 (Cary, NC). The research was approved by the University at Albany Institutional Review Board.
Results
Post-stratification weights were used to calculate means and proportions for each of the covariates. The weighting strategy ensures that these design-based estimates are nationally representative of noninstitutionalized adults 25 years or older in 1986. The analysis sample consisted of predominantly White women (87.5 %) with a mean age of 49 years at W1 (Table 1) . Mean age of the younger and older cohorts were 31.87 (±4.30)years and 63.60 (±12.14)years, respectively. Although a higher proportion of subjects reported high PCFS (73 %), almost a third of the subjects reported having a father who had not completed high school. The mean BMI was 25.16 kg/m 2 in 1986 which increased over time to 27.04 kg/m 2 in 2002. Income (inflation adjusted) and wealth and financial security increased over time. We only found modest correlations between the different SEP variables; for example, the highest correlation was between income and wealth (Pearson's correlation=0.53); father's education and a subject's own education were also modestly correlated (Pearson's correlation=0.36) (Appendix B, Table B2 ). These correlation statistics were consistent across gender and age cohorts (Appendix B, Table B3-B6). These results suggest that the lifecourse SEP variables should not be precluded from simultaneous inclusion in multivariable models.
Trajectories of BMI by Race and Age
Unadjusted BMI trajectories for White and Black females for ages 25, 40, 55, and 70 were plotted to represent young adults, middle age, and older age groups (Fig. 2) . Black women had higher W1 BMI as compared to White women at all ages and over the full study period. Among women less than 40, there was also a small racial difference in slope, with BMI increasing more steeply over time among Blacks compared to Whites. The BMI trajectories increase until age 55 after which they are stable. There was a decline in BMI after age 70. Women who were aged 25 in 1986 had a higher BMI at age 40 (in 2002) than the older cohort of women who were 40 years in 1986.
Lifecourse Socioeconomic Position in the Younger Cohort
Using individual SEP models (i.e., each single SEP variable by itself) to ascertain the association between individual lifecourse SEP factors and W1 BMI and slope, we found that except for PCFS, all other lifecourse SEP factors under study were related to W1 BMI ( Table 2 , column 2). Higher wealth and financial security were the only factors associated with a more gradual increase in BMI over time.
In the race-only model, Black women had a higher W1 BMI (+2.62 kg/m 2 (95 %CI +1.71, +3.53)) and a higher slope of BMI (+0.73 kg/m 2 /decade (95 % CI +0.17, +1.29)) than White women. In multivariable models, this racial difference in W1 BMI was attenuated to 2.06 kg/m 2 (95 % CI +1.12, + 3.00). Based on the modeling strategy outlined in the methods section, Table 2 , column 3, presents the estimates and confidence intervals for the most parsimonious model including those lifecourse SEP variables that were deemed to be statistically independent predictors of W1 BMI and BMI slope Among women who were 40 years and older at W1, Black women had a higher W1 BMI than white women (+2.68 kg/ m 2 (95 % CI +2.12, 3.24)) but had a more gradual increase (in middle age) and a steeper decline (at older ages) (−0.42 kg/m 2 / decade (95 % CI −0.81, −0.03)) ( Table 3) . On multivariable adjustment, the racial difference in W1 BMI was attenuated to 2.00 kg/m 2 (95 % CI +1.40, +2.59) while the racial difference in BMI slope was no longer significant. Table 3 , column 3, presents the estimates and confidence intervals for the most parsimonious model including those lifecourse SEP variables that were deemed to be statistically independent predictors of W1 BMI and BMI slope for the older cohort of women. Father's education, respondent's education, and wealth were significant independent predictors of W1 BMI while wealth was the only significant predictor of slope in the final model for change in BMI. Women over 40 who had a high father's education had a −0.78 kg/m 2 (95 %CI −0.06, −1.50) lower BMI at W1 than those with lower parental education. Similarly, women who completed high school had a −1.08 kg/m ). The results of the final models were compared with models including health behaviors such as number of alcoholic drinks/month, number of cigarettes smoked, and physical activity index and found that racial differences were attenuated further, but associations of lifecourse SEP variables were consistent with those for models excluding health behaviors (results not presented).
Discussion
In this large population-based dataset, SEP variables were important predictors of W1 BMI but not for slope of BMI over time. The racial differences in BMI trajectories among women over time were partly explained by differences in lifecourse SEP. This study is one of the first to explore associations between multiple SEP predictors and BMI by age cohorts.
Childhood SEP, as measured by father's education, was an independent predictor of BMI among the older cohort but not among the younger cohort. Other studies have not explored whether lifecourse predictors of BMI are different by birth cohorts. This along with incomplete control of adult SEP may have contributed to the conflicting results of childhood SEP in previous literature. For example, the Monitoring the Future study, among 10,956, predominantly White participants, found that low father's education was related to high W1 BMI and higher rate of gain in BMI from 1986 to 2004 [10] . Baltrus et al., in their sample of 1,657 women from the Alameda County study, found that childhood SEP had an independent effect on change in BMI among women aged 17-30 after adjusting for education and occupation [12] . Since these authors did not assess other SEP factors such as income, wealth, or financial security in these studies, they had a more limited ability to control for the effect of adult SEP while evaluating the independent role of childhood SEP. Our study adds to the literature by demonstrating that childhood SEP remains an independent predictor of BMI among the older cohort of women even after a more comprehensive control of adult SEP than previous literature.
The importance of education as a lifecourse SEP predictor is supported by results from other studies. Clarke et al. found low father's education as well as low individual education were both related to high W1 BMI and higher rate of gain in BMI [10] . Similarly, in the Alameda County study, education was the most important predictor of adult BMI [12] . Our results are consistent with previous literature showing that education may be an important predictor of racial differences in obesity among females but the influence of education among racial subgroups in males has been equivocal [10, 21] . (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) Income was an important predictor for the younger cohort, but wealth was more important for older adults. Income is thought to be a predictor of a healthy lifestyle including positive dietary choices and leisure time physical activity partly because it provides access to material goods and services. Prior studies have found that financial security is associated with obesity independently of income [22] . Resources accumulated throughout the lifecourse as assessed by childhood SEP and wealth may play a greater role among older women. Access to resources related to healthy lifestyle choices may not be as closely related to income among older women, because informal social networks, government subsidies for housing and medical care, and accumulated assets may provide resources that were obtained with earned income at earlier ages.
Racial differences in BMI persist even after adjusting for lifecourse SEP. There were significant racial disparities in BMI trajectories among both older and younger women. Adjustment for lifecourse SEP attenuated some of these racial disparities but did not eliminate them entirely. Clarke et al. found significant racial disparities in BMI [10] which were attenuated very slightly after adjustment for self and parent's education. Baltrus et al. found [8] that childhood SEP accounted for some of the racial difference in BMI but large differences persisted even after controlling for cumulative SEP across the lifecourse [8] . The results of the present study are broadly consistent with these findings. Despite considerable racial differences in wealth and financial security, the contribution of these variables to racial disparities in health has not been studied extensively. It has been postulated that higher rates of obesity in Black women may be attributed to overeating as a coping mechanism for multiple chronic stressors including poverty [23] . This study adds to the existing literature by evaluating multiple dimensions of lifecourse SEP and demonstrating the persistence of racial disparities despite adjustment for multiple measures of SEP. Further research is needed to assess whether other factors such as psychological stressors like discrimination and differences in cultural norms related to diet and physical activity contribute to these disparities in conjunction with differences in SEP.
The present study had several strengths. Retrospective measures of childhood SEP and young adult SEP (as measured by education), as well as prospective measures of income, wealth, and financial security at four time points in adulthood, spanning 16 years were used to measure lifecourse SEP. Relationships between SEP and adult health outcomes can be better characterized using this large array of variables. The use of multiple measures allowed more complete control for SEP when examining racial differences, as single measures of SEP may not be equivalent in Blacks and Whites [24] . For instance, Black women earn less money than their White counterparts with equivalent levels of education [25] . Blacks also have been shown to pay more for certain basic expenses including food, automobile insurance, and mortgages [26] [27] [28] as well as for health care [29] . Higher prices mean lower purchasing power and consequently a lower standard of living for Blacks with incomes equivalent to those of Whites. Inclusion of wealth along with income more comprehensively reflects economic resources, including lifelong earnings, past financial losses, and intergenerational transfers [30, 31] . The study extends previous research by analyzing racial differences in BMI trajectories and more comprehensively assessing the influences of lifecourse SEP over change in BMI.
According to the most recent guidelines by the American Heart Association, American College of Cardiology, and The Obesity Society, the condition of obesity has been classified as a disease [32] . However, for the purposes of this research, we considered BMI as a consequence of lifestyle behaviors such as diet and physical activity, rather than as a measure of obesity [33, 34] . Consequently, results adjusted for other behavioral factors such as physical activity, smoking status, and alcohol were not presented as we believe they would be in the causal pathway and therefore lead to overadjustment if controlled for in the analysis.
Our use of father's education as an indicator of childhood SEP is advantageous as this variable is less likely to change than occupation or income after young adulthood. Occupational status was not used as a predictor in the analyses as it may not be comparable across divisions of race/ethnicity especially among women. Occupation also cannot readily be used for social groups outside of the recognized paid labor force [30] which may include the unemployed, homemakers, persons employed informally (e.g., childcare providers) or in illegal sectors, and the retired.
There are some important limitations of this study that must be considered in interpreting these results. Adult recall was used to measure early life circumstances. However, previous research has confirmed the quality of retrospective childhood SEP reports [35] especially for parental education [36] . Older individuals may be less likely to recall childhood circumstances correctly than younger individuals as life experience events and the aging process may have an influence on the recall of this information. However, research has shown good internal and external consistency for broad measures of childhood SEP among older individuals [37] . Blacks had a higher rate of missing data for father's education than White women (26 % as compared to 12 %). In the ACL data, a higher proportion of Black women did not live with parents; however, very few women among these (21 Black women and 10 White women) did not know their parents in childhood (and would therefore be unaware of their father's education status). We therefore expect minimal bias due to differential missingness for parental education. Further, our multivariate imputation model included all the predictors in the study as well as those variables deemed to contribute to the missing data such as race and age. Self-reported weight and height may underestimate the true BMI. However, the sensitivity (83-89 %) and specificity (95-98 %) of self-reported BMI have been high among females and racial subgroups and the overall underestimation ranges from −0.73 kg/m2 for Blacks to −0.90 for Whites [38] . There is also evidence that associations between BMI and SEP factors do not change when BMI is corrected for bias due to self-report [4] . Therefore, we expect only a modest impact on our estimates of racial differences in trajectories due to underestimation of BMI using selfreported weight and height. There is some evidence that those with persistent overweight since childhood may achieve lower SEP during adulthood [39] especially in women [40] . However, overweight and obesity may affect some socioeconomic measures like income more than others such as education and wealth [39, 40] . Therefore, the use of multiple measures of adult SEP may limit the resulting bias due to reverse causality.
We found only modest correlations between the different measures of lifecourse SEP, and previous literature suggests that multiple SEP variables can be adjusted for in the same model without issues with collinearity [41] . We formally tested multicollinearity in the models by assessing the variance inflation factor (VIF) of each variable included in the multivariate model. The VIF is a measure used to assess the potential impact on the standard errors due to multicollinearity, and VIF values >10 are considered indicative of multicollinearity. VIF values for all SEP variables in the ACL data were less than 3. Our use of mixed models also allowed for the analyses of multiple exposures simultaneously. Finally, the use of centering strategies has also been shown to reduce multicollinearity issues resulting from correlated variables. Sensitivity analysis using income-only and wealth-only models did not change our results and conclusions for either cohort.
Lifecourse SEP did not predict change in BMI in the ACL study. Although the ACL study had 4 waves across 16 years, these measurements may still be inadequate to accurately capture the precise BMI trajectories and this measurement error in the outcome may have led to underestimation of lifecourse SEP associations. Community level socioeconomic measures were not assessed; however, previous reports found that most of the variation in BMI is at the individual level rather than at the neighborhood level [4, 5] .
Our results suggest that separate components of lifecourse SEP are important predictors of adult BMI in women. Racial differences in BMI can be partly explained by differences in lifecourse SEP. Further research on socioeconomic predictors of health outcomes should incorporate multiple measures of SEP over the lifecourse to provide insights into the mechanisms of these findings.
